The Internet has become in a place for the exchange and publication of data. Nowadays, Web portals serve as an important means to access information. In this context, the concepts of quality in general and of data quality in particular are highly relevant. The objective of this paper is to carry out a systematic literature review (SLR) in order to discover the state-of-the art in data quality for Web portals, and to evaluate the evolution of data quality since 2006, when another SLR was carried out, and in which a PDQM (Portal Data Quality Model) was defined. As a result, 39 attributes have been considered relevant for the assessment of data quality in Web portals.
Introduction
One of the aims of many web portals is to select, organize and distribute content (information or other services and products) in order to satisfy their users/customers [1] . However, unnecessary, out of date or erroneous data are also included. Data quality is an actual factor in competitiveness.
Bearing in mind the importance of data quality, the main goal of this paper is to discover the state-of-the-art in Web portal data quality through a systematic literature review (SLR). This SLR is based on a previous SLR [2] , which covered the years 1996 to 2005, and in which 33 attributes considered to be relevant for Web portal data quality were chosen. These attributes were then used to define a quality model for the assessment of Web portal data quality, namely PDQM (Portal Data Quality Model), in [3] . The SLR which is presented here covers 2006 to the end of 2008. The objective of this SLR is to establish the evolution of Web portal data quality attributes. As a result, it will be possible to evaluate whether the PDQM attributes are still valid and to identify new relevant attributes. This paper is organized as follows. In Section 2, the SLR process, including the planning and conduction phases, is presented. The main results obtained from the SLR are reported in Section 3. Finally, our conclusions and future works are outlined in Section 4.
Review Process
This section details the activities performed in each of the two main phases of the procedure for performing an SLR, as proposed by [4] : "Planning the review" and "Conducting the review". a) Planning the review: The most important pre-review activities are identified by the research questions(s) that the systematic review will address, and by producing a review protocol (i.e. plan) which defines the basic review procedures. In this phase, the following steps have been carried out:
Identification of the need for a review:
The SLR has been planned in an attempt to identify the most important attributes related to Web data quality. Therefore, the main goal of our SLR is to discover the state-of-the-art in data quality for the Web since 2006. 2. Specifying the research questions. The following research questions (see Table 1 ) guided the design of the review process.
Table 1. Research Questions

Research Questions
Main Motivation RQ1: "Which Web data quality attributes are addressed by researchers?"
To identify the Web data quality attributes which have been researched in the Web context RQ2: "From which point of view is the Web data quality analyzed?"
To discover whether the Web data quality is from the manager´s, programmer´s or consumer´s/user´s perspective RQ3: "In what context is the Web data quality evaluated?"
To identify whether the work is focused on the Web in general, a Web site or a Web portal RQ4: "Is a quality model defined?"
To evaluate whether a set of attributes and the relationships between them have been defined RQ5:"Do any measures for Web data quality exist?"
To discover whether measures are defined RQ6: "Does a tool which supports the proposed approach exist?"
To determine whether a tool that assesses Web data quality exists.
Developing a review protocol.
The development of the review protocol is the most relevant activity of the review process, since it establishes the basis of the search. Search string. The following strings were defined: 1) "data quality" AND web; 2) "information quality" AND web; 3) ("data quality" and web) and ("information quality"); 4) web and ("information quality" or "data quality"); 5) ("data quality" and web) AND (aspect OR dimension OR characteristic OR factor OR criterion OR criteria OR attribute OR model); 6) ("information quality" and web) AND (aspect OR dimension OR characteristic OR factor OR criterion OR criteria OR attribute OR model). The results obtained by using search strings 3, 4, 5 and 6, are very similar in the majority of cases. This signifies that the terms "Data Quality" and "Information Quality" are used interchangeably in literature.
Inclusion and Exclusion criteria. The inclusion criteria defined for this review were papers that present approaches or proposals that: a)were written in English, b)were published after 2005, c)identified a set of data quality characteristics, attributes or measures. And the following were defined as exclusion criteria: a) the work is previous to 2006, b) the paper is not within the scope of data quality in the Web, c) the paper does not propose a data quality attribute, or is not relevant, d) it does not contain the terms 'data quality' or 'information quality' either in the title or in the abstract e) studies are only available in the form of abstracts or Powerpoint presentations, f) duplicate studies, g) quality is not a part of the contributions of the paper.
b) Conducting the review:
Once the protocol has been agreed, the review can begin. In this phase, the following steps have been made:
1. Selection of primary studies. The search process was completed on 31/12/2008 in the digital libraries previously mentioned, and 4105 papers were found. Many of the papers were eliminated owing to the fact that the use of different search strings in the digital libraries had caused them to be duplicated. Once these papers had been discarded, 1332 papers remained. These papers were then analyzed. This was done by first analysing the title and the abstract, and a total of 173 papers were selected. The full texts were then read, and once the inclusion and exclusion criteria had been applied, 69 papers were obtained.
Data extraction and monitoring.
Once the primary studies had been chosen, the extraction of the relevant information for this SLR was stored in a data extraction form which was structured as follows: a) Data of the paper, including the search engine, title, year, type of publication and authors; b) Data of the classification, considering the following dimensions: quality attributes, point of view, context, application domain, quality model, measure and tool.
Results
This section provides an in depth presentation of the "Reporting the review" phase. For the purpose of our analysis, the papers were classified in order to answer the research questions listed in Table 1 .
Our classification will hereafter be used in this section to present the answers to each research question.
RQ1: "Which Web data quality attributes are addressed by researchers?"
A total of 130 attributes were initially obtained. Bearing in mind that our objective is to select the set of most relevant attributes, the attributes which did not contain descriptions were first discarded. 20 attributes were thus eliminated. Next, we analyzed the attributes specific to Web Site or Web that could be applicable for Web portals. 63 attributes were defined for data quality in the Web or in a Web site. However, after studying their applicability to the Web portal context only 22 attributes were selected. We then analyzed the definition of the attributes and detected that there were different names which were related to the same concept.
A total of 39 attributes related to data quality attributes were eventually selected (see Table 2 ).
Table 2. Attributes by origin
Attributes not obtained in our SLR (for authors other than those of [2] ) Attributes obtained in our SLR also included in [2] New attributes obtained in our SLR and not in [ As was previously stated, in [2] the best attributes for Web portals were selected, but this selection was made in 2005. Therefore, we wish to make a comparison between the PDQM attributes and the attributes detected in our SLR. The main findings of this comparison are shown in Table 2 . Note that there is a set of attributes which was only selected in [2] . These attributes are presented in the first column. The second column shows the attributes which were chosen both in this paper and in PDQM. Finally, the last column presents 6 attributes which have been added in this paper as a result of the SLR. Table 3 presents the data quality attributes. The table shows the selected papers. The attributes which appear in the papers under the same name have been marked with an "X", and those which have a different name but explain the same concept have been marked with a "□". References are detailed in Appendix Table I .
RQ2: "From what point of view is the Web data quality analyzed?"
In this paper, we consider that data quality can be analyzed from three points of view: manager, programmer and consumer. Fig 1 summarizes the number of papers for each point of view.
We can deduce that the majority of the papers are related to the consumer or user. This signifies that researchers are more concerned about the quality of the data with which the consumer is provided. We can therefore affirm that it is necessary to make an effort to study the data quality from the other perspectives, since all the perspectives are obviously related.
RQ3: "In which context the Web data quality is evaluated?"
As was previously stated, in order to attain a wide knowledge of data quality attributes the following contexts were included: Web portal, Web site and the Web in general. However, each attribute has been reviewed, and only those which are of interest in the context of Web portal data quality have been selected. Fig 2 illustrates the classification of papers according to their context. It must be stressed that Web sites are studied more frequently than Web portals. 
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RQ4: "Is a quality model defined?" With regard to whether a quality model is proposed, as Fig 3 shows, 60% of the works defined a quality model. This means that there is a tendency towards covering all the aspects related to quality, and that the works are not limited to the simple definition of attributes.
RQ5: "Do measures for Web data quality exist?"
Only 22% of the papers do not include measures, as is shown in Fig 4. Therefore, unlike the situation of some years ago, researchers have now realized the importance of measurement and almost all the proposals define measures with which to assess the data quality level. We believe that this is a very positive aspect, since without measures it is obviously not possible to evaluate quality.
RQ6: "Does a tool with which to support the proposed approach exist?" The proposal was considered to contain a tool when the authors affirmed that a new tool had been created or when one or several existing tools could support their proposal. Only 8 of the 69 selected papers provided a support tool, which represents 12% of the total.
In conclusion, we can state that although the majority of the proposals define measures (as was mentioned in the previous section), their assessment it not automated. This reveals the difficulty of automating the proposed measures. Hence, as a future work it will be necessary to work on the automation of measure assessment. 
Point of view
Conclusions and Future Works
In this paper, a systematic literature review has been carried out in order to obtain the portal data quality attributes that have been proposed in literature. Moreover, the realization of this SLR has led us to certain conclusions. Firstly, the majority of the papers study Web data quality from the consumer's perspective, and more effort should therefore be made to study this from the other perspectives. Secondly, it should be noted that Web sites are studied more frequently than Web portals. Thirdly, more than half the proposals define a quality model. This means that there is a tendency towards covering all the aspects related to quality and that the works are not limited to the simple definition of attributes. Fourthly, it is also of interest to stress that researchers have realized the importance of measurement, and that almost all the proposals define measures with which to assess the data quality level.
Without measures it is obviously not possible to evaluate quality. However, these measures are not easy to calculate automatically since only 12% of the proposals have developed a tool for their assessment.
Finally, in comparison with the previous work [2] , we conclude that a greater number of papers related to data quality attributes were selected, and a greater number of attributes were identified. We have therefore included all the attributes of [2] and have added other attributes detected in this SLR which we consider to be relevant to our study.
In the future we shall compare both the data quality attributes obtained and SQUARE [5] . Since some PDQM attributes are now obsolete and are included in this work, it is necessary to review and analyze the possibility of discarding them. In order to do this, we shall first study the data quality attributes of SQUARE [5] , and shall then analyze both the attributes obtained in this SLR and the PDQM attributes, which will eventually be compared in order to select the most relevant attributes. 
